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1,  EITHOOTCTION 

Althou^  the  APN-1  Absolute  Altimeter  has  been 
Installed  successfully  In  many  types  of  planes  during 
the  past  few  years,  little  specialized  work  has  been 
done  to  meaaure  and  evaluate  the  effect  of  factors  which 
cause  toop-out  at  low  altitudes.*  This  is  because  when 
the  APH-l  dipoles  are  Installed  on  a  normal  aircraft,  it 
is  visually  possible  to  Insure  adequate  drop-outs  by 

observing  a  few  general  rules. 

Tba  recent  trend  toward  no-drag  antennas  has  made 

necessary  a  study  of  the  possibilities  of  installing  in 
various  service  aircraft  pairs  of  special  slot  antennas 
developed  by  RCA  engineers  at  Rocky  Point,  L.  I.  for  the 
navy  Bureau  of  Aeronautics.  The  slot  antennas  are  more 
favorite  than  standard  dipoles  on  throe  counts* 

(1)  They  are  flush-mounted  and  have  no  drag. 

(2)  They  are  not  exposed  to  rough  treatment, 

can*  t  bo  bent  of  shape . 


f3)  They  are  not  in  the  wind  stream  and  don't 
Auojf  _  duab  and  urease 


rapidly. 


♦The  accepted  definition  of  drop-out  is  the  condition 
where  the  altitude  is  great  anovi^  that  the  RADIO  ALTITUDE 
needle  drops  off  the  peg  twice  per  second. 
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On  the  other  hand,  slot  antennas  are  less 
favorable  on  at  least  foxir  counts! 

(1)  They  usually  have  more  feed-through 
coupling, 

(2)  Biey  provide  less  perfect  matches  to 
the  cables. 

(3)  They  visually  have  broader  patterns 
with  leas  directivity  toward  the 
ground, 

(4)  They  require  a  larger  ground-plane 
area. 

The  slot  antenna  advantages  are  all  of  a 
mechanical  nature  and  the  disadvantages  are  all  of 
an  electrical  nature.  This  means  that  a  slot 
installation  will  give  poor  drop-out  performance 
on  both  altitude  ranges  unless  the  installation  is 
carefully  designed  in  relation  to  the  APH-1  system. 

In  general,  regardless  of  whether  slot  or 
dipole  antennas  are  used,  hlgh-range  drop-out  occurs 
because  the  ground-reflected  signal  la  no  longer  strong 
enough  to  operate  the  indicator.  On  the  other  hand, 
lQif»i»ange  drop-out  occurs  because  the  ground  signal, 
while  still  strong  enough  to  operate  the  indicator,  is 
overpowered  by  feed-through  and  residual  signals, 

Kavy  Project  H-300  was  formulated  with  Slectronlcs  He- 


search,  Inc*  to  develop  special  test  equipment  and 
techniques  for  obtaining  satisfactory  drop-out  per- 
fonaance  with  slot  antennas,  but  the  equipment 
techniques  are  equally  valuable  for  unsatisfactory 
dipole  systeoia* 

Project  N-300  Includes  three  sub-projects, 
and  each,  sub— project  will  be  covered  by  a  separate 
report*  The  present  sub-project  and  report  cover 
the  develofsnsnt  of  the  N-300  measuring  equipment 
and  the  explanation  of  associated  measurement  tech¬ 
niques*  When  antenna  systems  are  tested,  accurate 
answers  depend  upon  careful  technique  at  least  twice 
as  much  as  upon  precise  equipment* 

The  second  sub-project  considers  the  mea¬ 
surement  of  feed-through  and  residual  signals  idien 
dipole  and  slot  antennas  are  Installed  on  Inverted 
field  mock-ups  and  various  types  of  service  aircraft* 
The  third  sub-project  covers  the  development  of 
techniques  to  enable  predictions  of  any  given  system*s 
drop-out  performance* 

The  theo3?y  of  operation,  antenna  Installation, 
and  maintenance  of  tiie  A?N— 1  system  has  many  unusual 
features  and  It  Is  strongly  tirged  that  the  "Handbook  of 
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Maintenance  Instructions  for  Radio  Sets,  APII-l,etc,; 
#AR/08-10-139"  be  studied  before  considering  the  effect 
of  the  interfering  signals  and  the  predictions  of  drop¬ 
out  altitudes*  Bils  sub-project  originally  began  with 
little  infornatlon  besides  that  in  the  APH-l  Handbook, 
but  it  has  been  necessary  to  develop  several  new  theories 
regarding  tha  performance  of  certainspecific  parts  of  the 
APH-l  system*  Bils  report  gives  a  description  of  the 
measurement  techniques  for  all  types  of  data,  and  it  is 
probable  that  some  parts  of  the  report  will  prove  to  be 
irrelevant  for  any  one  problem* 

Die  measiiring  equipment  described  in  this  report 
consists  of  a  modified  APH-l  altimeter  set  and  a  group  of 
special  attenuator  pads,  r-f  cables,  and  r-f  fittings* 

Tba  equipment  will  measure  the  magnitude  and  path  length 
of  all  the  liiq>ortant  signals,  and  will  measure  the  feed-throu^ 
attenuation  between  the  two  antennas.  It  can  measure  a 
signal  only  when  it  is  equal  to  or  stronger  than  the  other 
signals*  Ihis  is  asstired  by  the  test  procedures  in 
Section  4*2  and  4*3.  In  particular,  feed-through  measure¬ 
ments  are  made  by  field  tests  on  inverted  mock-ups  far 
from  reflecting  trees  and  buildings,  and  by  flight  tests 
on  aircraft  installations  at  altitudes  in  excess  of 
10,300  feet* 


-4 


It  Is  natural  to  speculate  about  the  chances 
of  dereloplng  equipment  to  measTire  the  feed-through  of 
instalxed  antennas  on  aircraft  sitting  on  the  grotuid. 

It  Is  hard  to  ^  magi  na  an  audio  signal  filter  or  an  r-f 
shield  and  choke  that  could  bo  designed  to  eliminate 
the  grotmd  reflection  signal  without  disturbing  the 
feed-throu^  signal* 

In  closing  this  section^  It  should  bo  eBq)ha- 
sized  that  data  measured  with,  the  11-300  equipment  must 
be  treated  and  considered  very  carefully*  This  Is 

because  of  two  factors: 

1*  The  120-cycie  fta  sweep  Is  approximately 
(  /  slnusoldlal  and  the  audio  beat  signal  produced  by  the 

detection  of  the  received  signal  with  a  sample  of  the 
transmitted  signal  will  vary  In  Instantaneous  frequency 
throu^  the  range  from  zero  up  to  a  maxlmom  value,  even 
thou^  the  received  signal  has  a  path  of  fixed  time  delay* 
This  variation  makes  It  harder  to  measure  the  audio  fre¬ 
quency  to  measure  the  number  of  limiter  pulse  counts, 

which  Is  what  the  altitude  Indicator  actually  does* 
Because  the  audio  frequency  changes,  the  gain  of  the 
amplifier  changes,  making  It  hard  to  measure  anything 
but  the  peak  value  of  whatever  appears  on  the  limiter 
grid* 


2,  During  the  field  and  flight  tests,  it  is  not 
usually  possible  to  eliminate  all  signals  but  the  one 
being  measured.  To  enable  the  use  of  such  Irqjure  data, 
extensive  bench  checks  have  been  made  with  the  17-300 
system  to  consider  the  combined  effect  of  tiro  signals 
of  arbitrary  magnitudes  and  frequencies  as  they  piroduco 
altimeter  and  voltmeter  readings.  Ihe  bench  checks  have 
suggested  the  procedure  that  is  given  in  Section  4.4 
and  the  procedure  will  give  results  accurate  enou^ 
for  all  practical  pux*poses. 

S'  final  word  of  caution,  measurements  on 
Inverted  mock-ups  will  give  reliable  values  for  feed- 
throu^  signals  and  comparative  attenuation,  but  they 
usually  give  inaccurate  values  for  feed-throu^ 
path  length.  This  is  caused  by  the  gain- change  in  the 
audio  amplifier,  and  even  with  long  series  antenna 
cables,  the  gain  for  the  feed-throu^  signal  is  low 
enough  tliat  reflections  from  ground  objects  distant 
flrom  the  mock-up  will  be  amplified  with  greater  gain 
and  add  appreciably  to  the  measured  path  length. 
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DESCRIPTIOir  OP  EQCIPKEHT 
2.1  tfodlfled  RT-7/APN-1 

Ihe  RT-7  unit  has  been  modified  as  described 
In  Section  6.2.  It  still  requires  28  voxts  at  3,0 
amperes,  and  fits  the  associated  MT-14/ARX-1  cradle. 

It  retains  plug  connections  for  TRAJISKITIER  AKTEinJA, 
RECEIVER  ANTERRA,  INDICATOR,  and  BATTERT  INPUT.  The  dis¬ 
abled  plug  connections  are  AUTDSIATIC  PILOT,  LIMIT  SNITCH, 
and  LIMIT  INDICATOR.  Tttpoe  now  plug  connections  are 
SIONAi.  VOLTKETER,  LIMITER  CHIID,  and  LTKTTOff  PLATE.  The 
xmlt  is  enuHojed  with  special  associated  equipment  shown 
In  Figures  2  and  4.  It  has  a  built  In  audio  vacmun-tube 
voltmeter  that  will  measure  signal  voltages  and  feed¬ 
through  attenuation  with  an  accuracy  of  ±  1  db.  It 
will  measure  feed-through  path  lengths  with  an  accuracy 
of  ±6  feet. 

2,2  Signal  Voltage  Meter 

The  audio  signal  meter  Is  a  peak-reading  voltmeter 
calibrated  to  Indicate  signal  voltage  for  the  range  of 
0  to  30  r.m.s.  The  meter  Is  linear  over  the  entire  range, 
but  the  final  audio  amplifier  stage  tends  to  saturate  In 
the  vicinity  of  20  volts  r.m.s,  (28  volts  peak).  Bie 
lower  limit  for  signal  measurements  Is  caused  by  2  or  3 
volts  of  shot  noise,  residual  signals, etc. 
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The  mater  required  must  have  a  100  micro-ampere 
movement  with  2,000  ohms  resistance,  and  Is  used  with  a 
two- conductor  shielded  cable  fitted  with  a  standard 
phone  plug.  It  has  been  found  most  convenient  for  mock-up 
and  flight  testing  to  utilize  the  100  mlcro-an^ere  range 
of  a  standard  SlBq)8on  Uodel  260  Set  Tester,  since  the 
tester  will  also  measure  the  d«c«  supply  voltage  and 
continuities. 

2.3  Standard  Antenna  Cables 

The  two  ten-foot  RO-8/tl  cables  shown  In  Pig.  2 
are  used  to  give  15  feet  of  "air  path"  for  calibration 
with  the  co-axlal  pad.  The  two  cables  may  be  replaced 
by  a  single  twenty-foot  RG-58/U  cable  for  the  sake  of 
compactness. 

2.4  Resistor  Pads 

The  R-300  equipment  Includes  three  resistor 
pads  constructed  ftorn  modified  TSrpe  N  fittings  as 
described  In  Section  6.3  and  Figure  8  with  the  attenua¬ 
tions  of  6  db,  12  db,and  20  db.  The  pads  are  accurate 
for  any  frequency  up  to  500  megacycles.  If  the  pads 
are  assembled  with  carefully  chosen  resistors,  they  have 
an  accuracy  on  the  order  ofil  db,  and  If  a  440  megacycle 
signal  generator  Is  available,  they  can  be  calibrated 
even  more  closely* 


2.5  Co-Axlal  Pads 

A  co-Euclal  attenuator  Is  employed  sis  a 
very  convenient  way  to  Insert  60  db  of  attenuation 
In  series  with  the  standard  cables  when  measuring 
the  csQ.lbratlng  signal  voltage.  Ihls  pad  is  con¬ 
structed.  according  to  Section  6.4  and  Figure  9. 

It  must  be  calibrated  and  adjusted  by  using  a 
440  megacycle  slgnsG.  generator  and  receiver,  or  by 
direct  feed-through  signal  comparison  tislng  the 
N-300  equipment.  In  the  latter  case.  It  will  be 
necessary  to  make  an  extra  20  db  resistor  pad  to 
provide  a  total  of  58  db  of  path  attenuation  when 
the  resistor  pads  are  connected  In  series  for  com¬ 
parison  with  the  60  db  co-ax  pad.  !lhls  latter 
process  can  be  no  more  accurate  than  the  calibration 
accuracy  of  all  the  resistor  pads. 

2.6  R-F  Connectors 

To  make  all  possible  tests.  It  Is  necessary 
to  have  the  following  group  of  fitting  adapters: 

2  Stral^t  adapters  with  type  H  Jacks.  XJG-29/U 

1  Straight  adapter  with  type  H  plugs.  UGr-57/iC 

2  Stral^t  adapters  for  UHP  to  type  N.  TJ(5-83/cr 

2  Straight  adapters  for  OHF  to  l^npe  H.  TJ(r-146>^ 

3.0  DESCRIPTIOR  OF  TES  PROBLEM 

Some  Introductory  theory  will  be  Included  to 


make  a  smooth  transition  with  the  APU-l  instruction 
■book,*  ihe  APU-l  receiver  is  a.]^^anced  diode 
detector  that  feeds  audio  alsnali  into  a  three-stage 
audio  an5)llfler  having  a  compensated  frequency  response 
to  favor  the  altitude  signal  over  all  the  undeslred 
signals.  The  output  goes  through  a  i2SH7  limiter 
stage,  and  the  limited  pulses  go  to  a  pulse-counter 
that  makes  the  altitude  indicator  and  limit  indicator 
read  proportional  to  the  pulse  frequency,  and  thus 

Indicate  the  absolute  altltiide. 

The  various  types  of  audio  signals  that  appear 
on  tiie  limiter  grid,  listed  In  order  of  decreasing 

magnitude,  are  the  following: 

(1)  The  antenna-path  signal  voltage  "Ea"  1® 
caused  by  r-f  power  that  goes  from  the  transmitter 
to  the  ground,  and  la  reflected  by  the  ground  back 
to  the  receiver  antenna.  It  is  a  voltage  measured 
by  the  audio  voltmeter,  but  for  brevity  is  c  ailed 

the  "Altitude  Signal." 

(2)  The  antenna-path  signal  "Sf"  is  caused 
by  r-f  power  that  goes  from  the  transmitter  antenna 
to  the  receiver  antenna  directly  across  the  skin  of 
the  ship.  It  is  called  the  "Peed-Throu^  Signal." 


•^Section  IV,  "Theory  of  Operation," 
etc.  Handbook  of  Maintenance  Instr 


for  Radio  Sets  APH-l 
.,  AlI-03-10-189. 
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(3)  mo  residual  signal  I3  caused  by 

r-f  power  that  Is  reflected  back  into  the  transmitter 
and  receiver  antenna  cables  at  the  traperfact  matches 

presented  by  the  antennas.  It  Is  called  the  "Residual 
Cable  Signal," 

(4)  me  residual  signal  is  caused  by 

unbalance  in  the  fm  detector  as  it  la  loosely  coupled 
to  the  fta  oscillator.  It  Is  called  the  "Residual 
Detector  Signal," 

(5)  me  antenna-path  signal  "E„"  is  caused 
by  minute  r-f  arcs  across  Intermittent  contacts  along 
the  feed-through  path  plus  high-speed  changes  In  the 
amount  of  feed-through  caused  by  prop  rotation,  and 
so  forth.  It  Is  called  the  "Field  Kodulatlon  Signal," 

and  it  causes  the  most  trouble  at  low  altitudes  with 
hlgh-range  operation, 

C6)  A  group  of  residual  signals  that  are 
usually  below  the  limiter  level  of  3  volts  peak. 
Included  are  signals  due  to  audio  amplifier  shot 
noise,  audio  mlcrophonlcs.  Ignition  noise  entering 
through  the  d-c  supply  leads,  etc. 
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"E  "  contains  the  Infornatlon  about  the 

CL 

altitude  of  the  airplane  above  the  ground.  'Hie 
magnitude  may  vary  over  the  range  5  to  30  volts, 
and  decreases  with  some  power  of  the  altitude, 
decreases  with  poor  antenna-to-cable  matches,  and 
Increases  directly  with  the  directivity  of  the 
antennas  In  the  downward  direction.  The  signal 
at  any  given  altitude  Is  always  stronger  on  the 
hl^  altitude  range  than  the  low  altitude  range, 

"Ef"  Is  appreciable  only  when  the  altimeter 
operates  on  the  low  altitude  range,  and  for  this 
range  may  vary  In  magnitude  from  about  twice  the 
limiter  level  of  2  volts  r.m.s.  up  to  the  amplifier 
saturation  level  of  20  volts  r.  m.  s.,  depending 
upon  the  type  of  antennas,  their  location,  and  the 

lenglii  of  the  antenna  c  ables , 

"Ej.q"  Is  appreciable  only  when  the  altimeter 

operates  on  the  low  altitude  range,  and  for  this 
range  may  vary  In  magnitude  from  a  negllglblo  value 
up  to  i*out  three  times  the  limiter  level,  depending 
upon  the  antenna  mls-match  and  the  length  of  the 
antenna  cables.  Reflections  at  the  receiver  antenna 
usually  over-shadow  similar  reflections  at  the 


transmitter  antenna* 

Is  appreciable  only  when  the 
altimeter  operates  on  tha  lov  altitude  range, 
and  for  this  range  may  vary  In  magnitude  from 
2  volts  up  to  6  or  7  volts  as  the  detector 
becomes  unbalanced*  For  optimum  balance, 

may  vary  a  db  or  so  as  the  line  voltage 
changes  from  26  to  30  volts  d-c*  Because  It 
has  an  appreciable  magnitude  on  the  lov  range. 

It  Is  essential  to  balance  carefully  the  B<>300 
set  as  es^lalned  In  Sec*  V*15  of  the  AFH-1  Handbook 
before  making  ai^  measturemsnts* 

and  the  minor  residual  signals  are 
negligible  for  good  Installations,  and  since  the 
H-300  project  was  set  vp  to  consider  the  other 
signals,  little  more  will  be  said  about  these 
signals* 

When  one  signal  at  the  limiter  grid  Is  at 
least  half  as  strong  as  the  strongest  signal,  the 
signal  voltmeter  will  Indicate  a  conqposlte  of  both, 
axid  a  test  procedure  Is  es^lalned  In  Section  4*4 
vlth  Figure  6  for  this  situation.  Ilhen  two  signals 
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appear  B,t  the  Uniter  grld^  the  altitude  Indicator 
will  Indicate  a  composite  of  both,  depending  upon 
the  comparative  strength  of  the  signals  and  their 
path  delays#  In  general,  the  H-300  equlp®ient  ^ 
esq>lo7ed  to  measure  signals  and  path  delay  lengths 
only  when  the  signal  In  question  Is  at  least  as 
strong  as  any  of  the  other  known  signals  at  the 
limiter  grid, 

lito astir enents  are  performed  by  a  coBq>arlson 
process  of  two  steps: 

(1)  The  r«f  sensitivity  of  the  H— 300  equipment 

Is  calibrated  by  connecting  the  two  standard  cables 

npa  the  60  db  coaxial  pad  between  the  BlAHSMIT'iliR 

AHTEHHA  atiH  HECEIVEH  AHTEUHA  Jacks,  The  audio  signal 

voltage  measured  at  the  limiter  grid  by  the  voltmeter 

Is  "E  and  is  called  the  "Calibrating  Signal," 

*E  "  will  be  about  15  volts,  and  will  depend  \jpon 
c 

the  transmitter  output,  receiver  Input  sensitivity, 
audio  gain,  line  voltage,  etc, 

(2)  The  antenna»path  signals  are  measured 
by  connecting  antenna  ed>les  to  the  TR AHSlfl 'rl^isiR 
AHIEHHA.  and  RECEIVER  AHTEMHA  Jacks,  If  the  signal 
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exceeds  IS  ▼olts,  the  appropriate  resistor  pads 
are  Inserted  In  series  with  the  transmitter  cable 
to  bring  the  signal  within  the  range  6  to  15  volts* 
When  the  above  two  steps  have  been  followed* 

It  Is  possible  to  express  the  signal  as  the  ratio 
or  It  Is  possible  to  calculate  a  cosqparatlve 
attenuation  In  db  for  the  path  of  the  sieasiirsd  signal* 
The  calculations  are  described  In  Secidon  4*2  a»d  4*3 
and  values  of  eoiq;>aratlve  attenuation  are  tbtj  conven¬ 
ient  for  evaluation  purposes  since  the  anteima 
altlzDster  performance  are  Interdependent* 

The  cosQiarlson  process  does  not  give  the 
absolute  values  of  attenuation  that  would  be  measured 
bj  a  calibrated  440  Hie  signal  generator  and  a  440  He 
am  receiver*  Ihe  audio  a]l^}llfler  a  rising  gain 
vs  •  fi^e<]ueney  response*  and  the  gain  Is  more  idien 
aBQ>llfyii%  "2^*  or  than  idien  au^Uiying  "Eg" 

since  the  latter  usually  has  the  shortest  path 

Because  Uie  H-SOO  measuring  jtroeess  requires 
special  test  eq:i^X’B>Biit*  It  ml^t  occasionally  be  neces¬ 
sary  for  Inter-pro Jeet  liaison*  to  specify  absolute 
values  of  attenuation.  In  this  ease*  It  Is  possible 
to  calculate  absolute  values  by  adding  to  the  com¬ 
parative  attenuation  figure  a  conversion  factor  "QJ* 

T 

obtained  from  Figure  5* 


4.0  inSTALLATIOH  ABD  OPERATION 
4.1  Inatallatlon 


The  Installation  of  the  H-300  test  equipment 
for  a  long  series  of  flight  tests  should  be  made  In 
accordance  with  Section  II  of  "Handbook  of  Maintenance 
Instructions  for  Radio  Sots  APH-l,otc«"  If  a  mock-up 
installation  Is  tested,  the  mechanical  work  can  be 
greatly  slo^lifled* 

The  N-300  set  should  be  balanced  for  minimum 
In  accordance  with  Section  5*3  of  this  report, 
and  adjusted  on  the  bench  for  the  residual  delay  of 
the  Installation  to  be  tested.  In  accoirdance  with 
\  I  Section  V  of  the  Handbook.  The  N-300  should  be  In¬ 

stalled  at  the  proposed  altimeter  location,  and  the 
antenna.  Indicator,  battery  Input,  and  voltmeter  cables 
connected  to  the  N-300  set# 

It  has  been  found  that  UHP  connectors  Introduce 
appreciable  mis-match  at  440  He,  and  will  increase 

one  db  or  so,  depending  upon  the  cable  length# 

For  this  reason.  It  is  desirable  to  avoid  the  connectors 
where  possible  when  precise  measurements  are  made.  The 
type  N  connectors  employed  by  the  pads  Introduce  no 
appreciable  mis-match  at  any  time# 
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4*2  Mock-Up  Test  Proeedxire 

(1)  Locate  the  equipment  so  it  Is  outside  the 
radiation  field  of  the  antennas  on  the  Inverted  mock-up, 
and  so  that  the  antenna  espies  need  he  only  as  long  as 
those  on  the  proposed  aircraft  Installation.  Bie  latter 
retirement  Is  1iiq>o^^^^  because  the  magnitude  of 

and  "Eyg*  Increase  as  the  cable  lengths  Increase* 

(2)  Connect  the  power  and  indicator  cables  to 
the  N-300  set,  turn  the  power  switch  on,  allow  the 
N-300  set  to  warm  up  for  one  minute,  and  check  that  the 
line  voltage  Is  within  the  range  26  to  30  volts* 

(3)  Connect  the  UHP  plugs  of  the  two  10-foot 
standard  cables  to  the  TRANSMITTER  ANTENNA  and  RECEIVER 
ANTENNA  jacks  on  the  N-300  set*  Connect  the  Type  H 
plugs  of  the  staxidard  cables  to  the  jack  ends  of 
separate  resistor  or  co-ax  pad  combinations,  thus 
terminating  both  cables  in  approximately  50  ohms,  but 
not  coupled  together** 

(4)  Plug  a  grounded  jusqper  wire  into  the  ll^ilter 
grid  tip  Jack  on  the  front  panel  to  eliminate  all  signals 
on  the  voltmeter*  Zero-set  the  voltmeter  by  the  screw¬ 
driver  adjustment  R-112A,  the  outer  shaft  of  the  LIMIT 
INDICATOR  ADJUSTMENTS,  and  remove  the  grounding  junqper* 

*The  iresistor  pads  present  50  ohms  only  at  the  jack 
ends,  and  for  zero  *“’®  connected  with  the 

Jacks  toward  ths  N>300  ^t* 
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She  aieter  zero  should  be  checked  occaslonallj,  but 
a  special  circuit  has  been  developed  es^loylng 
degeneration  that  maintains,  good  zero-setting* 

(5)  Ttim  the  RASOE  switch  ibr  low  range 

operation,  (  4  hundred  JlTeet  )  and  adjust,  with  a 
screw  driver  through  the  hole  In  the  top  cover, 
the  balance  potentiometer  for  mlntinnm  on 

the  voltmeter*  Ihe  balanced  signal  Is  usually  in 
tiie  range  2  to  4  volts,  and  the  balance  will  chaiige 
as  the  line  voltage  changes* 

(6)  Connect  the  60  db  co-ax  pad,  ("Attenuation 
of  Direct  Path,  A^  -  60  db",)  between  the  two  t7i>e  If 
plugs  of  the  standard  cables.  Read  the  voltmeter  for 
"Eg"  and  It  should  be  In  the  range  8  to  16  volts* 

(7)  Remove  the  standard  cable  from  the  RECBITER 

AHTESHA  Jack  and  connect  the  cable  from  the  receiver 

antenna  on  the  mock-up*  Read  the  voltmeter  for 

and  It  should  bo  In  «ia  range  3  to  9  volts,  depending 

_ ■  ■  ;  .  • 

upon  the  type  of  antennas  and  length  of  cables  used* 

If  desired.  It  Is  possible  to  measTire  the  "E  ■  caused 

rc 

by  reflections  on  the  transmitter  cable,  but  they  are 
usually  negligible* 
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(8)  Remove  the  standard  cable  from  the 
TRANSMITIER  AREIWA  Jack  and  connect  the  cable  from 
the  transmitter  antenna  on  the  mock-up.  Connect  In 
aeries  with  the  transmitter  antenna  cable  the  appropriate 
resistor  pad  to  bring  the  mater  reading  within  the 
linear  range  6  to  15  volts.  The  meter  reading  Is 

"®f -i-rc'"  called  "Peed-Birough  Plus  Cable  Signal," 

The  sum  of  the  pads  Is  "A^,"  "Attenuation  ?or  Ueasurement 
of  Peed- Through  Signal," 

(9)  It  Is  possible  to  read  the  RADIO  ALUTDDE 
Indicator  to  determine  the  length  of  the  feed-through 
path  across  the  skin  of  the  mock-up  between  the  two 
antennas,  but  such  readings  usually  are  too  high  because 
of  reflections  from  trees,  buildings,  etc.,  within  a 
half  mile  of  the  mock-up.  The  general  trend  of  the  K-300 
project  has  proven  that  the  values  of  radio  path  lengths 
have  no  development  value,  and  values  of  path  length  for 
attenuation  conversion  purposes  can  be  measured  on  the 
actual  mock-up, 

(10)  Because  "B^g"  and  "E^"  have  nearly  the 

same  path  length.  If  is  at  least  twice 

the  cable  residual  signal  has  negligible  effect  upon 
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the  feed-through  aieasuresent,  and  "E^  "  can  be 

f-i-  rc 

considered  -E^."  If  the  signal  is  less 

than  twice  the  "E  the  value  of  "E_"  is  less 

rc  ^ 

than  and  to  calculate  the  procedure 

of  Section  4*4  imist  be  followed* 

(11)  The  data  from  steps  (6),  (8),  and  (10), 
can  be  used  to  calculate  "Congiarative  Attenuation 

of  Peed-Through  Path,"  as  follows: 

^cf  =  A^-A^-20  logj^Q 

The  same  data  can  be  expressed  alternately  by  the 
ratio  for  any  given  A^* 


(12)  Exaarale  of  Typical  Data  and  Calculatioxis: 
XP4M  SLOT  MOCK-UP 
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*cf  = 

.  60  •>  6  •  20  log  10  (0.58) 
s  58,5  db,  or 

4,3  Plight  Tbst  Proeedtire 
(1)  -  (7) 

The  first  seven  steps  of  the  flight  test 
procedure  are  the  same  as  the  first  seven 
steps  of  the  inock>up  test  procedure  In  the 
previous  section.  They  should  be  perfoznned 
in  excess  of  200  above  the  ground  to  avoid 
the  effect  of  ground  reflected  signals  upon 

rc 

(8)  -  (11) 

These  steps  are  perforated  In  the  saoie  way 
as  steps  8-11  of  the  mock-up  test  procedure. 

They  should  be  perforated  at  an  altltvide  of  at 
least  10,000  feet  above  water,  or  8,000  feet 
above  land.  At  these  altitudes  the  signal 

on  the  low  range  Is  too  weak  to  affect  the  "Eg" 
readings,  but  It  may  add  counts  and  Increase  the 
reading  of  feed-through  path  length.  If  there 
Is  any  suspicion  that  the  signal  Is  apprecia¬ 

ble,  gradually  descend  several  thousand  feet  in 
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altitude,  and  look  for  Increases  in  the  RADIO 
ALTITUDE, 

(12) 

flight-testing  altloeter  installations. 
It  Is  veiry  helpful  to  measure  the  strength  of 
"^a  +  f^rc  slgJMil  to  determine  whether 
poor  performance  Is  caused  by  conQjaratlTely 
strong  "Epg"  and  "B^,"  or  by  comparatively 
weak  "En."  Because  of  this  reason.  It  Is 
usually  worth-while  taking  data  at  altitudes 
above  and  below  drop-out  on  both  low  and 
high  ranges  of  operation.  The  data  can  be 
most  conveniently  plotted  as  graphs  of 
absolute  altitude.  If  It  Is  desired  to  break 
down  "Ba-ff^-rc"  separate  signal 

coiiQ)onents,  the  procedure  of  Section  4,4  can 
be  e]iQ)loyed,  even  though  the  path  length  of 
"Ej^"  may  be  much  greater  than  the  others,  • 
Another  V-SOO  report  Is  being  prepared  that 
will  go  into  particular  detail  about  signal 
values  when  the  AFN-1  system  Is  near  drop-out. 
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Low  rangs  drop»out  a.t  1»000  feat  Is  caused  by 
E^,  and  here  m  20/l.Q  9 

TT^ gtt  ]*ang0  drop”OUt  at  10»000  feet  Is  caused  by 
weak  Ej^,  here  r  2  volts* 

4,4  Procedure  POr  Taro  Sltmals  At  Limiter  Grid 

Because  tho  rate  of  ftn,  the  audio  signal  fr0<iuency* 
unA  the  audio  signal  magnitude  continuously  change  during 
the  fill  sweep.  It  Is  not  possible  to  write  down  equations 
that  will  give  the  resultant  signal  voltage  and  altitude 
Indications  when  two  signals  of  different  frequency, 
magnitude  and  phase  are  applied  to  the  limiter  and 
voltmeter.  A  group  of  bench  testa  have  verified  certain 
general  facts,  and  some  of  these  will  be  mentioned  In 
this  section*  Another  report  of  this  H—300  series  will 
deal  with  predicted  drop-out  conditions,  and  In  that 
report  much  more  detail  regarding  this  problem  will  be 
presented*  This  section  will  describe  the  use  of  the 
graph  of  Plgure  6  to  sort  out  two  signals  when  they  -■‘■i : 
are  present  In  nearly  equal  proportions* 

Pig*  6  has  been  prepared  for  the  case  where  "Ej^"  Is 
not  negligible  compared  to  "E^^j^g*"  The  ratio 
Is  used  to  scale  from  curves  the  appropriate  value  of 
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aoid  E-^  •  Por  example,  assume 

1  r  +  rc  r  rc 

the  case: 

"EJ.C"  s  4.5v,  ~  ®f+rc'^rc  = 

Tracing  on  the  curve,  •  0*88. 

Therefore,  "E^"  :  0,88  s  0.88(7)  -  6.4v. 

The  dependent  ratio  Ef/^pg  is  more  convenient  to 

use  when  low  values  of  ^£^,rc^rc  considered. 

Plgviro  6  seems  to  bo  accurate  regardless  of  the 

signal  freQuencles,  and  It  Is  possible  to  employ  the 

samd  i^rocedure  In  handling  flight  test  data  for  ^i*c 

and  "E  ^  '•to  calculate  values  of  ••E-#"  When 
a  +‘r+^  rc 

this  Is  done.  It  Is  possible  to  overlook  the  fact  that 

**E^*  and  "E  "  are  caused  by  different  paths  because 
f  rc 

path  lengths  are  always  nearly  the  same* 

Altimeter  drop-out  on  the  low-altltxide  range  occurs 

when  "E  "  has  a  value  In  the  range  30  to  140  per  cent  of 
a 

The  actual  ratio  of  Ka/^f +rc  drop-out 
depends  greatly  upon  the  altitude,  and  a  full  discussion 
of  this  problem  will  bo  deferred  \mtll  the  final  report 
of  the  series. 
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4*5  Conversion  of  Comparative  Data  to  Absolute  Data 

(1)  The  value  of  calculated  In  Section  4*2 

and  4*3  Is  a  necessar/  and  sufficient  criterion 

of  feed- through,  for  any  given  APH-I  installation* 

The  magnitude  of  depends  not  only  upon  the 

absolute  attenuation  fA^”  of  the  feed-throtigh 

path*  but  also  upon  the  effective  delay  lengtii* 

of  the  feed-throtigh  path*  For  a  fixed 

if  the  total  length  of  the  antenna  cables  is  changed 

fpom  one  lioit  to  the  other*  the  change  in  audio 

signal  frequency  and  a]:q>lifler  gain  will  change  the 

magnitude  of  and  as  much  as  10  db*  In 

other  words*  "A^^*  coi^letely  specifies  the  amount 

of  feed-through  whereas  "A^"  by  itself  does  not* 

Because  other  groups  may  have  made*  in  the 

past*  substitution  measurements  of  ”A  *  using  long 

af 

lengths  of  antenna  cables  and  variable  attenuators* 
it  may  be  necessary  to  specify  values  of  "A^"  for 
inter-project  liaison  reasons*  ^e  most  accurate 
way  to  measicre  values  of  *Aj^"  with  the  K-300 
eqiiipraent  is  to  esq)loy  the  reliable  substitution 
process*  This  process  consists  in  connecting 
several  hundred  feet  of  co-axial  cable  and  a 
calibrated  variable  attenuator  In  series  with  the 
antennas  having  the  feed-through.  The  attenuator 
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la  adjiisted  to  give  an  "E^"  within  the  range  6  to 

15  volts.  The  cables  and  attenuator  are  then  connected 

In  series^  and  the  added  attenuation  necessary  to 

maintain  "E^"  Is  the  presented  by  the  antennas. 

The  purpose  of  the  long  cables  Is  to  7"aVA  the  added 

length  of  "L^"  and  negligible. 

If  it  la  necessary  to  convert  "A  J*  data  to  "A  " 

b£ 

when  It  Is  no  longer  possible  to  test  the  actual 
Installation,  it  can  be  done  by  estimating  the  physlcsGL 
length.  of  ttie  path.  Including  the  cable  lengths 

and  the  radiation  path  length.  The  length  •Lf"  can 
be  employed  with  the  graph  of  Figure  5  to  obtain  the 
"Gain  Conversion  Factor  POr  Feed-Through  Path."  "G^." 

The  conversion  is  as  follows:  A^f  s  Ag^-l-G^. 

(2)  Ezasq>le  of  Calctilatlons 

Assume  the  exaiiq>le  of  Section  4.2  plus  an  "L^"  of 
30  r-f  feet.  Prom  graph,  •  6  db;  A^^^  «  58.5  4-6  -  64.5  db. 

The  accuracy  of  the  calculation  Is  probably  within 
a  db  or  two.  It  will  be  noticed  that  the  conversion  graph 
does  not  apply  for  "L^"  less  than  16  feet,  but  this  Is 
no  particular  limitation,  since  the  "L^"  for  any  actual 
Installation  will  invariably  be  more  than  that.  As 
mentioned  before  In  this  report,  the  RADIO  ALTITUDE  meter 
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of  the  K-300  does  not  always  give  reliable  readings 
for  "Lf,"  and  It  Is  recoanaended  that  for  conversion 
purjKjses,  "L^"  be  estimated  from  the  physical  Installa¬ 
tion  than  measured  by  the  meter. 

5,0  MEASUREHEITT  ERHOHS  AND  PRECAUTIONS 

Stability  of  Tes_t  Equipment 

The  transmitter  power,  receiver  sensitivity,  audio 
g&ln,  voltmeter  calibration,  and  attenuators,  all  seem 
to  be  stable  with  vibration  and  teraporat\a:*o  changes. 

If  the  battery  supply  voltage  shifts  from  26  to  30  volts 
while  comparison  readings  are  taken,  the  over-all  attenua¬ 
tion  reading  may  be  affected  as  much  as  2  db.  Tor  this 
reason.  It  Is  best  to  take  data  only  when  the  battezy  aiq>ply 
voltage  la  constant. 

5*2  Linearity  of  Voltmeter 

The  voltmeter  reads  the  Input  to  the  limiter  grid 
accurately  within  one  db  over  the  meter  scale  0-30  volts 
r.m.s.  The  limiter  Input  signal  Is  not  proportional  to  the 
received  r-f  signal  at  either  end  of  the  voltmeter  scale. 

Pbr  meter  readings  less  than  twice  the  there  Is 

masking  that  keeps  the  meter  from  being  directly  proportional 
to  the  signal  Input,  Pbr  signals  stronger  than  about  17 
volts  the  amplifier  saturates  and.  In  fact.  It  can  not 
drive  up  to  30  volts.  These  two  factors  provide  the  limited 
meter  range  of  6  to  15  volts  with  an  accTU>acy  of  1.5  db. 
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5*3  Resldxial  Signal  Errors  and  Balance  Procedure 

As  explained  In  the  previous  section,  when  readings 
of  weak  and  are  made.  It  Is  essential  that  the 

detector  balance  be  the  best  possible*  The  balance  problem 
Is  greatly  aggravated  If  the  antenna  cables  are  not  terminated 
by  antennas  that  appear  like  50  obms  of  pxure  resistance  over 
the  entire  range  420-460  megacycles*  As  an  exaiiq>le,  slot 
antennas  give  6  db  more  than  do  the  s  tandard  dipoles, 

even  when  the  detector  Is  balanced  properly*  This  is  due 
to  the  fact  that  If  a  signal  gets  on  the  cable  and  travels 
down  It,  antenna  nds-match  at  the  far  and  will  cause  a 
returning  signal  delayed  In  time  that  will  operate  the  m 
detector  even  though  It  Is  perfectly  balanced  against  AH 
Interference.  Reflections  In  the  transmitter  cable  are  not 
nearly  as  serious  as  comparable  ones  In  the  receiver  cable, 
presumably  because  they  must*  traverse  an  indirect  path  through 
the  oscillator-detector  mixing  signal  link  whereas  reflections 
In  the  receiver  cable  appear  directly  at  the  detector.  It  has 
been  found  that  APH-1  equipment  balanced  for  use  with  the 
dipoles  may  have  an  12  db  stronger  than  limiting  level 

when  operated  with  slot  antennas  and  ten  foot  cables* 

The  major  amount  of  the  signal  can  be  eliminated 

If  ♦•>'<»  r— f  circuits  of  the  detector  are  so  adjusted  that  the 
least  amount  of  signal  from  the  osclUator-detector  mixer  link 
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gets  out  on  the  receiver  cable.  Ihls  can  be  dona  by  adjusting 
T  102,  T  103,  and  C  141  of  the  RT-7  with  R  114  balanced;  a 
440  Me  AM  receiver,  such  as  the  APR-1,  connected  to  the 
receiver  cable;  and  the  proposed  antenna  connected  to  the 
transmitter  cable.  It  may  be  necessary  to  readjust  slightly 
T  102,  T  103  and  C  141  when  adjusting  R  114  for  the  mlnlmua 
signal  when  the  proposed  antenna  terminates  the  receiver  cable. 
This  adjustment  can  be  best  performed  with  a  scope  connected  to 
the  limiter  grid  In  addition  to  the  signal  voltmeter. 

In  the  event  a  separate  AM  receiver  Is  not  available, 

the  balancing  can  be  done  as  follows: 

1.  Set  R  114  on  resistance  balance  with  an  ohmeter. 

2.  Turn  set  on,  jconnect  transmitter  and  receiver 
cables  of  length  similar  to  those  of  aircraft 
Installation.  Terminate  transmitter  cable  In 
50  ohms  by  co-ax  pad,  and  terminate  receiver 
cable  In  open  or  short  circuit,  whichever  gives 
the  most  residual  signal, 

3.  Balance  C  141,  T  103,  and  T  102  for  minimum.  Try 
balSnce  for  several  fixed  ijosltlons  of  C  141. 

4.  Terminate  receiver  cable  In  proposed  antenna 
end  balance  R  114. 


It  is  desirable  to  check  frequently  R  114  to  be 

certain  that  Is  less  than  3  volts  when  taking  data# 

rd 

Another  effect  of  is  to  add  or  subtract 

tron  the  meter  readings y  depending  upon  which  direction 
the  detector  is  unbalanced.  This  makes  the  reading  of 
small  signals  doubtful  if  ^  volts, 

5,4  Altitude  Indicator  Errors 

If  the  signal  voltage  is  less  than  about  12  volts 
for  the  low  altitude  range,  the  limiter  can  respond 
to  residual  signals  that  add  more  pulses  and  increase 
the  RADIO  ALTITUDE  reading.  For  this  reason  it  is 
desirable  to  make  all  altlttide  indicator  readings  with 
the  attenuation  reduced  sufficiently  to  provide  a  strong 
signal  to  the  limiter.  When  measuring  the  feed-through 
of  well-designed  antenna  installations,  the  signal  may 
be  little  stronger  than  the  residual  signal,  even  with 
no  added  attenuation,  and  in  this  case,  the  indicator 
nay  give  inaccurate  delay  lengths  due  to  the  effect  of 
residual  signals  and  weak  "E^^*  signals. 

As  explained  in  Section  IV  ,1  (d)  of  the  AFN-1 
jfaintenance  Handbook,  even  with  a  strong  steady  signal 
to  the  limiter,  the  indicator  may  vary  3  feet  on  the 
400  foot  range  and  -  30  feet  on  the  4000  foot  range  due 
to  the  action  of  the  counting  circuits. 
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6.0  APPEHDIX 

6,1  List  of  37afl)ols 

Measupoinent  of  Altitude 
Signal  ,  the  sum  of  the  attenuator  pads 
In  altitude  signal  path. 

^  Keasurenent  of  Direct 

Signal  ,  the  sum  of  the  attenuator  pads 
In  direct  coupled  path. 

Measurement  of  Peed-Through 
Signal  ,  the  sum  of  the  attenuator  pads  ^ 
feed-through  signal  path. 

Pbed-Through 

‘sigSS^JtolS  Attenuation  of  Peed-Through 

^®th  Length";  see  page  6-1 
of  APN-1  Kalntenanee  Hjmdbook,  AN-0^10-189, 

Ea  -  "Altitude  Signal," 

®a-hf  -  "Altitude  Plus  Peed- Through  Signal," 

Ec  “  "Calibration  Signal," 

Ej  -  "Peed-Through  Signal." 

®f-l-rc  -  "P6ed-Through  Plus  Cable  Signal." 

Ej.5  -  "Residual  Cable  Signal." 

Epd  ”  "Residual  Detector  Signal," 

Pq  -  "Prequoncy  of  Zero  Altitude  Path  Sl^al"- 

«Wnt,n«=.  BSdboik, 

Of  -  "Gain  Conversion  Pactor  For  Peed-Through  Path," 
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-  /—  .  ^  -  ■ — — — — - — 

"  "Length  of  Peed- Through  Path." 

Tj.  -  "Termination  of  Transmitter  Antenna  Cable,"  j 

Tf.  ~  "Termination  of  Receiver  Antenna  Cable," 

®*2  Modification  RT-7/APN-1 

The  RT-7/APH-1  has  four  mechanical  modifications 
shown  In  Pig,  4^  A  hole  Is  drilled  In  the  top  of  fch** 
i  dust  cover  to  allow  screw-driver  adjustment  of  the  detector 

balance  control,  A  hole  Is  drilled  In  the  ffont  panel  to 
mount  the  Insulated  phone  Jack  used  with  the  signal  voltmeter. 

[  holes  are  drilled  in  the  front  panel  to  mount  the  In- 

carrying  lifter  grid  and  plate  signals, 

I  ^  circuit  modification  shown  In  Pig,  3  uses  i 

the  tube  sockets  formerly  employed  by  the  limit  Indicator 
I  for  the  added  signal  voltmeter,  ihe  original  12H6  Is  re- 

■  talned,  but  the  12SH7  Is  replaced  by  a  12SL7GT,  and  R112A,  * 

the  outer-control  potentiometer  of  tlie  Limit  Indicator  ' 

Adjustment  Is  employed  as  the  meter  zero  set, 

CpJa^^^c^Lon  and  Calibration  of  Resistor  Pads  ! 

The  resistor  pads  are  constructed  as  shown  In 
Pig,  8 with  very  short  leads.  Their  accxiracy  at  440  mega¬ 
cycles  Is  apparently  limited  by  the  accuracy  with  which 
the  resistors  are  selected  on  a  d-c  bridge.  The  6  db 
pad  Is  constructed  with  two  parallel  resistors  In  the 
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series  branch  Instead  of  two  parallel  resistors  In  the 
shunt  branch  to  reduce  Inductance  effects*  It  Is  not 
possible  to  es^loy  a  single,  adjustable  co-ax  attenuator 
to  replace  »ni  the  pads  since  a  non-resonant  co-ax 
attenuator  has  a  Tmnn  insertion  attenuation  of  30  db* 
The  resistor  pads  are  checked  for  calibration  by 
eos^arlson  tests  with  a  calibrated  signal  generator 
feeding  a  440  megacycle  All  receiver,  or  tbs  receiver 
section  of  the  modified  RT-V/APK-l  with  the  detector 
unbalanced  to  respond  to  AH  signals* 

6*4  Cons truct Ion  and  Calibration  of  Standard  60  DB 
Co-ax  Pad 

The  co-ax  pad  Is  constructed  as  shown  In 
Pig*  9  and  calibrated  by  adjusting  the  spacing  between 
the  colls  to  give  60  db  of  attenuation.  Since  both 
colls  are  bunted  by  50  ohm  resistors,  the  pad  has  Input 
and  output  lo^edance  of  50  ohms  and  Is  not  frequency 
sensitive  for  the  range  420  to  460  Me*  The  pad  should 
be  handled  carefully  as  a  sharp  Jar  might  change  the 
positioning  of  the  colls* 

'Rie  co-ax  pcul  Is  checked  for  calibration  by 
comparison  tests  with  a  calibrated  signal  generator 


and  a  sensitive  440  megacycle  receiver.  If  no  receiver 
Is  available,  the  calibration  can  be  checked  within 
two  db  by  coBq>arlng  the  direct  signal  voltage  when  the 
co-ax  pad  Is  In  series  with  the  standard  cables,  to  the 
signal  voltage  when  the  fotir  resistor  pads,  totaling  58  db 


are  In. the  direct  path^ 
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FIG.  2  MODIFIED  RT-7/APN-I  CHASSIS 


FIG.3  MODIFIED  RT-7/APN-I  CIRCUIT 


FIO.  4,  MODIFIED  RT-7/APN-1  PANEL  AND  COVER 


CONSTRUCTION  OP  RESISTOR  PADS 
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PIO.  9  CONSTRUCTION  OP  CO-AXIAL  PAD 


